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R\(Si) (OR 2 ) 4 _ n 

(*K r 1 ttH*fcnK*»i-8 0ii:«itt, 
i - 6 ©iMi«*fcr4» ttttr ^^/ua«r*-r. * 

fc, ntt0-3O»Sffc5, ) T*$il57/l/3^ 
TfctO^Uit (R) #0. 5<R< 1 OTffclK Sltffi 

v^JBr*»*KJ6l!:*iv^Ttt. (c) #0. 2 

o<c<o. 9 7-efc5vy*iffi*h tftXftftSl'*' 

R<5t*>5^y*HfI#mt5:i:«:»ti:t5 
[11^3] fll-fr* (C) #0. 40<C<0. 90 

ft < t t>-s*<Difc£ * h tttrt z^b *«« b-rz 
5 1 »mm# v ^-t>K s^flWHf*** 2 0 

[if **6 ] Kaswcfc y ^-<^*rfi 

&hfrz>£.rfttoimmmzttL>x. 0. 1-1 ommn 

Oi/U 5 0-2 5 0 ncotftft-cy/WbSJK 

&3gLT#<b*l5, &:i:0. 4 — 0. 7 i* mtf>"HT«#l;: 

» lsw-c*> zzb%ftmb-rz>isv* #*/mm# y 



9 ] §t #31 7 iB«oi/ y # ?>v/^m& y 

[ft*l 1 0 ] ^F*SS?LM^ 1 — 5 0 0 n mX'h 5 r 
[»»#* 1 1 ] «IR<o|6tgtS*5 £X*Z<D±icMilLt$ti 

ftmm^^Ls mmmm(D'pte< bi> ijb**»**9 
[ft#j® 1 2 ] 1 1 \c&m<o&mmMmmw* 

[ttMl 3] Tfr=*i/i/?^m& % S/i<-y;i>5L!& 

tr «3ti- a r b £ i-6*ft»»Kffl y 

(1) R 1 n (Si) (OR 2 ) 4 _„ 
<*"K R 1 ttH*fcl*«*»l~8<OB:*l*, 

*3j:ir««r/w^^**fcH:*»ae*«r*b, R 2 iij^ 
»ft 1 - 6 Oi£««*fctt»i««r/v^a6«r*r« * 
fc, n}i0-3cO^Tfc?>o ) tt$tl57;V3^^ 
> 9 v«oAp*^WHKiS & 7>v =1 4r v- > 7 > i: tK t co-^e 
/Wit (R) ^0. 5<R< 1 0Kll|g#PU-CflV\ 5l#^c 
V^jB^S«-frS«?^V>rf4, (C) ^0. 2 

0<C<0. 9 7lC»J«IUTfTV\ 

(2) «vy*W»#«r#«^y^-^#«ET, 50- 

(3) W^yyKffil^, 2 5 0-5 0 0tM 

^T-e^m^ y -^-sr r b \z. x o T#?Ltt-> y 

r/u^^i/V^^^TKirO^^lt^i <R< 5^^U 

xfto^b &&mb-rzm&m. 1 3 ib«o*?u4^ y * 
[MM 1 5 ] y mmm* 1-12^ 

K*»*si^i 2O«7 l /w*«**0 5gL*ffi 
Sr*-T5iBI»«>Ky3i^x/v«. 1 - 1 2tf># 

hS-&*jNI9agb*<4^W-t-6J5iJK^^y 
**- h«^J:t/«**d5i — 1 2 0>7>^>( Yy4 K 

K«<t 9 ft^>P«t < <>: t>— ««(01IBW«g 

^y^-«*^^c*rt*tb«*««r*-J-*^te< fcfc 
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im#r% 1 6 ] *f«<K y ^-*s, 2 0 0 

-100 ^<D^i(f 2—12 co^— r ^S^Wl^ 19 3& 

l 3-1 5 0^^ixd*lc:Ba«o#?Ltt^y* 

1 7 ] W-m&RMt* 1 - 5 0 0 n mt^S: 

[000 1] 
10 0 0 2] 

4. 0-4. 5Tfc5Vy *ttif«S— Kttfc/fll^feJxT 

#fc c L*Lifi*m LSi©S»MiiWWk:©-*t 
SBIi^a^^*— & LT*tfeL3S.fc5fc:ftS. r. 

[0003] 

i. 9s«t*)«^ -j»^7^i^m ffiiiptt 
^i»»tt^wa*»e> l s 1 0>msMm<o#wk uriana 

*o±5E#/ J6IMK>Wi« 1 . 9*»* 
[0004] #ft«*LTtt*«ftt>ote^y;fr#*n. 

p*9<£> l o^±<D$H^S^ftt-^ttft*:t $ i-ii U 



[ooo5] ***>f>i<><Dnwmf8Lv>mb\sX\z. mm 

?7-2 5 7 9 1 8*^«teBB*£*LTV^i:5i::* y 
/Wb UT v > ft v ^KftRo ✓a*** h ft £ 

u (w»i-«i»«ftjK©^ny^»€)*L5. ^>y 
[oooeimwi. 9*i^>y*HBW 
^%<Df>m#>xmmx$><oit. **u*^y 

OTL«»* «rffll*P Lft < X ttft ft v \ ?L«dS/h $ < , 
*vo*9--C***^A«c»LTJ6*3ftS**1-ft * 5ft 

3ftv^t><DTftJtixtfftfeftv^ r*Lfeo«3S±oWJW* 
3ft*©*a^"sr«l-ft* 0 

[0007] xmrnmrns 8 0 7 6 0 7M3*8»*5J:t* 

#B4MMfc 5 9 0 0 8 7 9 *WJ»»lCtt, ^Ar—fArR 
(d, *<D***tc:^y*n— /vft^co«r3£©»jKSr$* 

?L*-Ctt+»ft««W3»*dS*m $ ttft i/ \> 
[0 0 0 8] ✓A'd^fe^A^MH'Sxatedsit 
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[0 0 0 9] Hit. &M¥-9-3 15 8 1 2*4*«K: 

bll*V\ ^08^9-1 6 9 84 5f 
ffcKJSl2:*5# £ SJ^mt £ MMM"* r £ J: 

#?LR-Ctf:fc < . m& Lfc X 5 tc#?Ltt^ y * 

B-^-e«>s?L«>?L«»**ritt?ft<, i/y 

[0 0 1 Oj 4#P83*0 4-285081 T 
5-857 6 2^WO9 9/0 3 9 2 6 

[0 0 1 1 J 0-2 5 3 5 9 

&£Xf¥fte¥-7 -8 8 2 3 9^$&tCte, 7;^^Vi/ 
7 ^Sr&tfAMT^a *f Kot y 

^fc^m^-cD^lc^ 3te*LfcJ:5*KI*IHIH* 
5 fc*ft»«ftttf» V*. W43t¥ 8-29952 



[0 0 12] Hit. ->y*»^(0*JRBMfc«**»lU 
fcSo W7-1 8 5306t^il:lt T^=»=¥^ 

La>U r © J; 54^!) *K*o**TA'3*^ K, ^ 

JPLfc^if^CJ; fe&ll&mb LTlSft 

[0 0 13] 

[0 0 14] 

s/ K^fe^^y^-*^f»«fe^lcJ:?)K5^bT#e> 
[0 0 15] LTc^oT, ^^^>— ooi^ti, 

o©ifttt, ±m<Dm&m&m*<^xnbtizGm/mm 
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[ooieitt^aixil r\ (si) 

(OR 2 ) 4 _ n R 1 ttH£fcte^ififtl-8CD 

3cU r 2 temmmi~e<n&m&* tenner 
/^m^mi-o nteo-3co^$rr-fc5 0 ) -c^£ 

ti 5 T =3 > is y >m <Dto&4MUR& & T ^ =» * > > 
7^zk£<o^;Wt (R) £0. 5<R< 1 oc^ssia-e 
m\ 3l#«^Tfir (c) a« 

0. 2 0<C< 0. 9 7 CD^H^ LTtT ^^UoT 

[0 0 17] m~*&W<DmM*^M^1rZ>tcM-. * 

1. — R 1 „ . (S i) (OR 2 ) 4 _„ 

fc, ntt0-3O»t«)5. ) t*Sn57^3^ 

jfcfco^-A'M: (R) #o. 5 <R< 1 0 -Cfc 9. 
SI*«V>X»*R«IC*5V^"CH:. &fr* (c) ^o. 2 
0<C<0. 9 7<DfSB-C*>S^y «** 
a* 1 - 1 2 (Ox-f/Ht*I 9 i£ LUMft* Wi" SI&K 

1-1 2©*-d?*-h***lft9 3gb¥ffi«r*i-*flB 
y^C KaE-&**9 3gb*ffiSr*r-r-B»J»«^yr 

< * y ^- 1 *r<£*i-a r £ £r 

*» i * #?u* y # we jb co > y # mm/wm* 

[0 0 18] 2. T^3#*/^9 ^fc*iO j eA'Jt*Sl 
< R < 5 "C»k*L* V y 3 - £ Sr^m 

3. (C) 7550. 40<C<0. 9 0 y 

2. 



4. i7;^^->i/7^»^ • IS'&RSSrffiii'*" 

5. BE**sKy^-^, ©»¥«»^12 0 0-1 0 0 

[00 19] 6. BQB**tcdett**«#y^-«)** 
r»e>H<&^*»i*«»tJ:»ur. o. l-ioit 

7. ttEi. -6. ^>v^nd^cE«^*a*+o^y * 
mm&&. 50-25 o^^aa-cy/WbSjettTi^, 

feKS, **0. 4-0. 7 Mm<DPim#l-ttL^T 

fc-s^t sr^m fc-r a y * y 
w^y y k#) &flHo 

[0020] 8. «ko«MM*JJ:t5*©±«j:***Jx 

9. «JE7. IE«^^yy»5>, 2 5 0-5 0 

10. sp^am^l— 5 0 0nmtfe5^^»i: 
tS«IS9. E«0#?Ltt^y*»»o 

i i . m&<D&f^&£Tf*<n±\zj&j&£frtL&M&& 
*U tt»6»B^^<it>iJB* s »E9. £fcf*l 
0. |Bt«*?L^>!) *»*J: 9i*$nt*5i «r 

12. MrBl 1. o#JIBIi»3»»*«l*bTft*WI 

[00 2 1] 13. . T/W=^r^^7 V^Sr^V— y/W 

MS ur«9tr«IHMMUo#7Ltt^y **Mo4S!5S 

(1) R 1 „ (S i) (OR 2 ) 4 _ n 

R 1 HH^fc«jR*»l-8<oa:«^ ftl&R 

fe. nli0-3OS*Tfc$o ) r«S*tftT^si^> 
?VMc (R) 5<R< 1 Ofc*J|pL"CffV\ 5I#^E 

v^rj8rs*'&R^S^^:*5v^rtt, (O 2 

0<C<0. 97|:$iJ«um\ ^y*fltt««:S:«5t 

(2) Br>y *^ig«:«r^«t^y -^-0#^T, 5 0- 
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2 5 0°C<om.gEX-?Mt5LJ&&ft\ l \ mmtei/v*?^ 

(3) Mi/yyFIHIW^, 2 5 0-5 0 0t^I 

[0 0 2 2] 14. 7^3^r^>7 ^^tK^^ 
%T^^*>'i/ : 7>kfrk<D*:/l'ttfr 1 < R< 5(CfHffl 

urtT 9 ^ria i 3 . e*<o#?Ltts<' y *ftRas%&. 

1 5. -7— «S, 2 0x>-f^l 

ftasi-l 2 0^^7 1 /^^^ , 9iSb^Sr^i-SH 
KRsKy^^HK, R*«a* 1 — 1 2 h 

«#y^--c*>a«rtBi 3. xsu. Kna<fc<&**itt 

[0 0 2 3] 16. !J ^-tf* 1W»«2 0 

0-100 TiCDfcmm* 2-12 0^~-7VUg^|g t) 

-is. (D^-rti^c^mto^K^v xmmvmrn 

17. 5jZi$£?L^as 1 — 5 0 Onm-Cfe^MISl 3. — 
16. OV^ WlilSBi«)#?Ltti/ y **K085lfc 

ffi. *>y*fctt. ^3Rift{b4to (s i o 2 ) oiaa^cs* 

R 1 x H y S iO( 2 _ (x+y)/2 ) 

«T^A««A:rHif*ttX«r*U. 0^x^2, ytt 
[0 0 2 4] «T. **W«r*fe*J:|¥Jft»c»Wi--5. * 

3p"5/*>!7 >\ Th7 (n -T'u/W^) V7^> f h7 
(i-T/PTK*^) '>7>, rF7 (n-:/)**^) > 
7>, ( t -^h^rvO 5/9 >\ M-M h*~>-> 

^f/H>!lxh^>7^ ^^^yuh y ^ h**> 
^h^>7^ *?7 h3rv->7>\ hy^ 

h^f-»7y, hy^f/^h^^v, hy 

;l/xh^^>7^ it? h*i^>7^ 



1, 2-tr* (b y p< h^isfVA') =-9>s 1, 2- 
tr* (hyxh^-^yy/u) 1, 4-e* (h 

h^wy^) -o-tfv, i, 4-^^ (hy^h 

[0 0 2 5] C*Le>^*-CtW!l»* Ll^Otf. rf7 
^ h^i/^^y, fb7xh^i/^7^ hy^h^V 
^7^ hyxf^v->7^ ^f;wh!J^h^7 

7>, V>f^xh^7^ hy^^^h#'> 

2 ~ 3 7;v^SX(iT y -/US: t)OT;v 

^a5*>5. 

[oo2 6] *m*(»m&m*%%mm<»TM'z*>z>s 

^^rttSrftl^Wi-S^ct^^it (R) 1*0. 5< 
R< 1 O0ttH-Ofetfftttfe€>ftv\ M#^^/^M:Srr 
oteffijc: IT7;U3 ^ >«r*D7k^W*i-5 r. t (c <fc 

$e>ld#*LV>ROttfflttl<R<5<DttH-C 
[0 0 2 7] T/l<=***>i/7>'tfrb<O*r/l'}t&0. 5 

t^i o <tt) *>**v^. «««56as*<*oi-frx, ± 
^i*ia^ a»»p p p^««W3fe«a5»m$tt^v^ 
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5 tT/i'=*i/i'y>'<Dmm\z£<>xnto*ft»bm& 

[0 0 2 8] TJVz3*i/*s7is<nm&5Lfo\Z& V i/V* 

fa®*** (y*) z'&zumzio^x^ m&m (o * 

0. 20<C<0. 9 7 iCf&J^LTS/S flS^ 
(C) < C i: liV D ^^i^^i*^^ 

[0029] fcffu c<£>m*. fct;tfivy #>oi« 
x$z> 0 

C= (S i If-»/t^S i -O-S i *££^tf> 

ft) /4 (=S inw&m) 

\zmit\^itt-rz> c=i/4 = o. 2 5^^, * 

fc, T b7=e- b*is*sy><Dm&R!&ti*Eft\*Xs 1* 

^Ufc^^^ciS, $blC4#^Lfct><DaSd<i<Oj: 

C= (lXa+2Xb + 3Xc+4Xd) /4X (a + 
b + c+ d) 

tteZo *tc, Z<Dj£<D7£m*b\** t ?-Sl'b}) * 
isy ^<D£5tj;3 gim<7)r^3^ *S*sy >£JBV^# 
JiPSte 3X4 = 0. 7 5T*fc6o 

[00 3 0] ^tS^ % Sol— Gel Science 
(C. J. Brinker & G. W. Schere 
rH, Academic Press, 1990 

HSK»* y * I- * t < £ * £ ft^ U T v * 



[0 0 3 1 ] ^ORjSlfi-CttCOflt&O. 20<C< 
0. 9 7<omm\ZffiW't2>Z. £fc«fcoT, ±&<D/<y> 
X&mrfLXZZ* <£9#£L<te0. 40<C<0. 9 
0<D$mXhZ> o C>0. 9 7tfc5^>!J*^f 

/h*<*9, #?L#©IIW!jStt«l<«TU 

<t > y ufc^/w^rt $n*v^ 

?L^Ho^^S^i&<^6o Z<D5LJ&xmx*>5 
-ol^i^lt (C) *±IS*>«HfcfM»*- 

[0 0 3 2] EUiOTVUs >-O^DtK^^ • flS^ 

KI6 fc: *3 it 6 * #M**ft&& k<Dffim**k#>Z> 

ft<Dm& t *Sw*l* $ firtt£ttBlcM«Pi-S w i: ic J: 
[0 0 3 3] *ftmzi$\^Xte7 ;^^*i/isy 

j^ti&w&*fem+*it)b<Di&mb x^xmrn-r 

A#«i:ltf4, ^Se, Mtt. # 

asa&pftttr/ua > i ^e/n-^t u i ^/^Tn » 

[0034] 2fc{c*isw(c*5Jta«a***^***LS*r 

^m^^xotim^mzx<>x^^n j ^'r^mm 
m&xv^-mmx&v. **«K:tt, «*»*S2- 
1 2<o*-f/u*^*»9 5gu¥tt**i-*i»i»*^y 

2o^y hs^»9jgu*ffi«r*ri-*iiBK 



-7- 



# 



# 



[0 0 3 5] ±tE**#y^-fiMMrOfcoTfc, «ft 

©tfy^-^a^-efcoTk*^. #«#y-^— 

fcJ:t\ «*«sft s 2 — l 2<ox- r/ug^fiF»9iSUii 
wy^!)3-;K sKy^ntfU^y a-^K #y by 

y ^!)^y7^ 3sjfy *w 

[0 0 3 6] «#*#2"-l 2<D^*7^*^*jn*0ifi 

tw^t6«#y^^f/^jt trii, #y 
?v ay h\ #y $7*7? h>\ #y tr^n^^ h>- 

«fi-&»*5j:^y3i^^v^^u- k ^yxfu 

vi?/^— K ^y^n^i/yr^-h, ^y^-^v' 

^ y n -/u t 4 h is k t mm*vo 

[0 0 3 7] «**dS2-l 2©*^-M^» 

te, ^y^i^*— K ^yyatvy^-^ 
tfy-o**^ uyi- #*~K #y^ ^r-^ 

^i^*—**— h»o#y h&igtfsr 
**9igU*tt**i-5»K«^yTW^ KO 
*v-h\ /Ky t 9 ^ o^/U^-^rv'K. # y *^<n >f /W:*-*- 

^yr^7^/u^^K> ^y 

^nk°i/y^y3-;K #y %zfu?? y^y V*— 
k #y — ^f-^^u-v*— K ^yr 

[0038] m^y^y3-/vi:^*»2w 

^ s>^r, ^vi^us^ r^trvK, tr^y^s. 
i/yu**2««-r<5*«»«:»-r. #»#y-^-i:bT 

±Ka^oi8K»2K y y -*-%m^z> 



[0039] *&m\ztevzft»i$y^-<omNmte, 
r^3^>7Mili»:»n o-2-iool 
^KIllO-l-l Ogfilfl, £<btc#£L 
<ttl 0- l-5MgrCfc£o ^^y^-o^DS 
*U 0-2Sfl»J:9^4v^#?L#36S#€>ni", *fc 
l 00li»J:9#<Tt, -H«e»l*afc*«r#i-6# 

jLtt^y x&fthMf* mmmz^^\ **#y-?— 

OOd^l OOK'fc^rH^ 
o*t£l*> *«2Ky^-0»-7-fl:J-«>*9«#*-r 

[0 0 4 0] *&m<o «fc 9 U 
fc#?Ltt^y*»K^«3S^^rW:, WKO#«EfW 

J^^^C 1 - 4 <7):HffiTA^-/K ^ y -fe V 

T^K, N, N-^;^M7U\ N-^^/VT 
th7U f , N-^/WTir S K, N, N-v?^^ 1 
^7th7^ h\ N, N-v'xf/l/rthT? K, N- 
^Wn!) K>-, N-^/V'^/u^e/^^y N-T-fe 

/wt-^y^v, N-^/v^/vt'py^ N-r-fe^w 

N* -^7tf/V^7^W^(D7^ K^i. 7h7^ 

3-;v*7UT, N, N* -^^^/W^^^/y i^y V4if 
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10 0 4 1] iMMJlcfc^-C, »«<B»i*ttS«±lc* 

otO. 1 m 1 0 0 /x m^tei-CilifSp 100 

[0042] sstim y>v-?~yj**$ 

y IM^M^ 

y>f s h\ z<ofc&n<omm#})^-frhte%mm&m 
[0043] a«o^rt*j:ftfi:*>, ±tzm&<Dmm*& 

yzr h^fv-C/^^, N- ( 2 — T ^ y 31^/1/) - 3 -r 
^^o^UhU * N- (2 -T3 y^- 

-3-T^/^nlf^^^^^^ h^r^i^^^, 

h^ri/>'7>'> 3-^0 0 7^0 Wf/W^xh 
^fi/C/7^ 3 - ^ ^ 7 h :T U fcVU Y*cisis=7 

> y ^K^^pf/^h y > h**>->7>\ 3 

y y n^v-^a tVW h y ^ h^rv^^^ 3-** 



fa±M\z x zmmntetoHDjjmxn ? „ 

[0 0 4 4] £X±<D«tp(CL-C#e)HSiia^Sr^i- 

3 < ^^JyKM 

0-2 5 O^-C^TP^H^fcO, #£L<l*60-20 

[0 0 4 5] £Lh<D£ 9lcUT#^H^W^y 5/ 
»JKH, ttftO. 4-0. 7MmOBj^^tttft 

mnfemto tX^XiSb ^««*©ffiv^»»Sr#5 C £ 

[004 6] **wn*5it*#?Ltt->y ^-r 
^y > k*»rst2 5 0-5 o o^oi^-e^aur, ^ > 

5^ 3.0 0-4 5 0ttfc5o 2 5 0^:^*9 fciSv^W 

[oo4 7]gi^i±, r^^>, — y^^^^o 
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y * * l x v *a 7 / «-^a*sRjEg it **<b*> 

[0 0 4 8] ^±^felcJ:*)»e>iifc#7Ltt^y^» 

x. u^^u xy^femmh+wzmttstix^z 
cox, ^y*»R<o«i»tt*5J:rf««wsweii«ftr» 

V\— 0!1£LT, ^7L^^6 3%-C> ^Jl&rt 5 4 n m 
"CI 0 nm^i(D^«t/il 

e>*VC*3!9, rcO^O«JK^lt«m^«2. 0, ®S 
(H) l*H=l. OGPa, &9&lo£Xfi3\o&*)im 
«8 0MPa^± (S!l3fePfilf-^_b) Tfc t> , 3lffl±±< 

[0 0 4 9] *&-*?LSSr»ofc*?L*^»fen*a6 
(Dt>£olC, 2 5 0-5 0 O^^ofcmS^-Cte, 

0»*«3S*S$fe|caMbSH (sinteringiPf 
2>b\<^5&XhZ> 0 

[0050] &tbtiiz£>ii&i<'V *mm*isv /Htmx 

v-i^>\ ^f/>hy^ ^f^by^h 
=*i^>7>\ ^f;px Y^-isisyls, >f;ue?xF^ 

-;U:x. h3^>^7>\ ^7x^i?> h^r^>7y, ^ 

>\ 7 x^;W h y x h ^r^>7 V4 dri/S/7 
F^WonV7^ ^f/^nni/7 
>\ ^f/WM)^nn>/7^ ^f^^nni/^^ 



by 7x^;W^no^7>, ^f/P^7x^^pp^ 
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(54) COMPOSITION FOR PRODUCING INSULATING THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a composition having a low permittivity and uniform 
pores of a nanometer size and excellent in adhesion or mechanical strength by including a silica 
precursor prepared by carrying out hydrolysis and condensation of alkoxysilanes under specific 
conditions and an organic polymer having a main chain composed of an aliphatic polymeric 
chain. 

SOLUTION: This composition comprises a silica precursor and an organic polymer. The silica 
precursor is obtained by carrying out a hydrolytic reaction of alkoxysilanes represented by the 
formula R1n(Si)(OR2)4-n (R1 is H, a 1-8C alkyl group or an aromatic group; R2 is a 1-6C alkyl 
group; n is 0-3) in a molar ratio (R) of the alkoxysilane to water within the range of 0.5<R<10 
and conducting the subsequently occurring condensing reaction at a condensation ratio (C) 
within the range of 0.20<C<0.97. The organic polymer has a main chain composed of one or 
more kinds of polyether chains, polyester chains, polycarbonate chains and polyanhydride chains 
respectively having a 1-1 2C functional group-containing recurring unit 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] A general formula, R1 n(Si) (OR2)4-n (R1 expresses the shape of H or a straight chain 
of carbon numbers 1 -8, the letter of branching and an annular alkyl group, or an aromatic series 
radical among a formula, and R2 expresses the shape of a straight chain and the letter alkyl 
group of branching of carbon numbers 1-6.) Moreover, n is the integer of 0-3. In the hydrolysis 
reaction of the alkoxysilane expressed In the condensation reaction which the mole ratio (R) of 
alkoxysilane and water is 0.5< R<10, and occurs succeedingly The silica precursor whose rate of 
condensation (C) is 0.20< C<0.97, and the aliphatic series polyether chain with which a carbon 
number has the ether group content repeat unit of 1-12, The aliphatic series polyester chain 
with which a carbon number has the ester group content repeat unit of 1-12, A carbon number 
the carbonate radical content repeat unit of 1-12 The principal chain which mainly consists of at 
least one kind of aliphatic series polymer chains chosen from the group which the aliphatic series 
polycarbonate chain and carbon number which it has become from the aliphatic series 
polyanthus hydride chain which has the anhydride radical content repeat unit of 1-12 The 
constituent for insulating thin film fabrication characterized by containing at least one kind of 
organic polymer which it has. 

[Claim 2] The constituent for insulating thin film fabrication according to claim 1 characterized 
by containing the silica precursor whose mole ratio of alkoxysilane and water is 1 < R<5. 
[Claim 3] The constituent for insulating thin film fabrication according to claim 1 or 2 
characterized by containing the silica precursor whose rate of condensation (C) is 0.40< C<0.90. 
[Claim 4] The constituent for insulating thin film fabrication according to claim 1 to 3 
characterized by containing further at least one kind of acid which can function as a catalyst for 
promoting hydrolysis and the condensation reaction of this alkoxysilane. 

[Claim 5] The constituent for insulating thin film fabrication according to claim 1 to 4 with which 
number average molecular weight is 200-1 million, and this organic polymer is characterized by 
being the aliphatic series polyether in which a carbon number has the ether group content repeat 
unit of 2-12. 

[Claim 6] The constituent for insulating thin film fabrication according to claim 1 to 5 with which 
the content of the organic polymer in this constituent is characterized by being 0.1 - 10 weight 
section to the product 1 weight section from which hydrolysis and condensation of the whole 
quantity of this alkoxysilane are carried out, and it is obtained. 

[Claim 7] The silica gel / organic polymer complex (hybrid) thin film characterized by the 
transparent thing to the light with a wavelength of 0.4-0.7 micrometers obtained by carrying out 
gelation reaction processing of the silica precursor under presentation according to claim 1 to 6 
at the temperature of 50-250 degrees C. 

[Claim 8] The multilayer-interconnection structure characterized by including wiring formed two 
or more insulating layers and on it, and coming to consist of at least one layer of this insulating 
layer silica gel / an organic polymer complex (hybrid) thin film according to claim 7. 
[Claim 9] The porous silica thin film which removes an organic polymer and is obtained from 
silica gel / organic polymer complex (hybrid) thin film according to claim 7 under the temperature 
of 250-500 degrees C. 
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[Claim 10] The porous silica thin film according to claim 9 characterized by the diameter of an 
average hole being 1-500nm. 

[Claim 11] The multilayer-interconnection structure characterized by including wiring formed two 
or more insulating layers and on it, and coming to consist of at least one layer of this insulating 
layer porous silica thin films according to claim 9 or 10. 

[Claim 12] The semiconductor device which comes to include the multilayer-interconnection 
structure according to claim 11. 

[Claim 13] The manufacturing method of the porous silica thin film for insulating thin films 
characterized by facing manufacturing the porous silica which has a hole in the solid-state 
structure of the silica gel which is made to carry out the sol-gel reaction of the alkoxysilane, and 
is obtained, and manufacturing via each following process. 

(1) A general formula, R1 n (Si) (OR2)4-n (R1 expresses the shape of H or a straight chain of 
carbon numbers 1-8, the letter of branching and an annular alkyl group, or an aromatic series 
radical among a formula, and R2 expresses the shape of a straight chain and the letter alkyl 
group of branching of carbon numbers 1-6.) Moreover, n is the integer of 0-3. Process which the 
mole ratio (R) of alkoxysilane and water controls the hydrolysis reaction of the alkoxysilane 
expressed to 0.5< R<10, performs it, carries out in the condensation reaction which occurs 
succeedingly by the rate of condensation (C) controlling to 0.20< C<0.97, and manufactures a 
silica precursor. 

(2) The process which performs a gelation reaction for this silica precursor at the temperature of 
50-250 degrees C under existence of an organic polymer, and manufactures transparent silica 
gel / organic polymer complex (hybrid object) thin film. 

(3) The process which manufactures a porous silica thin film from a hybrid object thin film by 
removing an organic polymer under the temperature of 250-500 degrees C. 

[Claim 14] The manufacturing method of the porous silica thin film according to claim 13 
characterized by for the mole ratio of alkoxysilane and water controlling the hydrolysis reaction 
of alkoxysilane to 1< R<5, and performing it. 

[Claim 1 5] The aliphatic series polyether chain with which a carbon number has [ an organic 
polymer ] the ether group content repeat unit of 1-12, The aliphatic series polyester chain with 
which a carbon number has the ester group content repeat unit of 1-12, A carbon number the 
carbonate radical content repeat unit of 1-12 The principal chain which mainly consists of at 
least one kind of aliphatic series polymer chains chosen from the group which the aliphatic series 
polycarbonate chain and carbon number which it has become from the aliphatic series 
polyanthus hydride chain which has the anhydride radical content repeat unit of 1-12 The 
manufacturing method of the porous silica thin film according to claim 13 or 14 characterized by 
being at least one kind of organic polymer which it has. 

[Claim 16] The manufacturing method of the porous silica thin film according to claim 13 to 15 
with which an organic polymer is characterized by being the aliphatic series polyether in which 
the carbon number of number average molecular weight 200-1 million has the ether group 
content repeat unit of 2-12. 

[Claim 17] The manufacturing method of the porous silica thin film according to claim 13 to 16 
characterized by the diameter of an average hole being 1-500nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The dielectric constant of this invention is low and it relates to the silica 
precursor / organic polymer constituent, its application, and those manufacturing methods for 
[ which was remarkably excellent in the adhesion and the mechanical strength which have a 
uniform aperture in the magnitude of NANOMETA ] insulating thin film fabrication. 
[0002] 

[Description of the Prior Art] Generally as an insulating thin film material for the multilayer- 
interconnection structures of semiconductor devices including LSI, the silica whose dielectric 
constants are 4.0-4.5 has been used conventionally. However, detailed-izing of the wiring 
consistency of LSI is being enhanced, and the distance during wiring with which it adjoins on a 
substrate in connection with this is narrow in recent years. Consequently, wiring which adjoins 
on both sides of an insulator may come to function as a capacitor. If the dielectric constant of 
an insulator is high at this time, the electrostatic capacity of a capacitor will increase, and since 
it becomes remarkable being delayed [ of the electrical signal transmitted through wiring as a 
result ], it has been a problem. In order to solve such a problem, using the lower matter of a 
dielectric constant as a material of the insulator layer for the multilayer-interconnection 
structures is examined. 

[0003] Although the matter with the lowest dielectric constant known now is 
polytetrafluoroethylene and the value of the dielectric constant is about 1.9, generally, a fluorine 
system macromolecule has a problem as an ingredient for LSI multilayer interconnections from 
adhesion or a heat-resistant problem, and it is required that the dielectric constant of an 
insulating layer should be made less than into 1.9 in recent years [ top ]. The existing material is 
made into porosity and the attempt which is going to obtain the insulator layer with a lower 
dielectric constant which consisted of what was used as complex with the air whose dielectric 
constant is 1 is made there. 

[0004] Silica xerogel, silica aerogel, etc. are mentioned to a thing typical as porosity. These 
ingredients are manufactured by the "sol-gel technique." The structure-of-crossHinkage object 
called a "sol-gel technique" with a sol here (for example, it is the structure obtained by 
hydrolysis and the condensation reaction of an alkoxysilane compound) It is the technical thing 
which is made to continue a reaction further and is changed to gel. usually, the solid particulate 
of colloid — growing up — with gel here Finally one or more molecules in a sol reach 
macroscopic magnitude, and the thing of the matter in the condition of having formed the solid- 
state network mostly extended over the whole inside of a sol is said, the thing of the thin film 
which contains the continuous silica solid-state frame surrounding a continuous organic polymer 
by this invention in the case of target silica gel / organic polymer complex (hybrid object) thin 
film — it is — the case of a porous silica thin film — a hole — the thin film which consists of 
continuation porosity solid-state structure surrounding an inner fluid is meant. 
[0005] The coating liquid which consists of a sol of the precursor which is not gelled is once 
adjusted, and then it applies to a base by for example, spray coating, dip coating, or spin coating, 
thickness forms a thin film several microns or less, this is gelled, and if it dries, the xerogel of 
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the precise film will be obtained as indicated by JP, 7-25791 8,A as an example of thin film 
formation of xerogel. In the case of silica aerogel, the point which changes the solvent in silica 
gel into a supercritical condition, and is extracted to the gel exterior differs from xerogel, but the 
place which adjusts the coating liquid of a silica sol is the same as xerogel. 
[0006] The void content of less than 1.9 silica xerogel or silica aerogel was very difficult to use 
as a charge of insulating thin film material, since reach to about 50% or more, the height, 
therefore mechanical strength of the void content fall remarkably, it becomes weak and a 
dielectric constant rises further owing to moisture absorption although a dielectric constant 
changies also with raw material presentations. In order to raise the mechanical strength of a 
porous silica, the magnitude and pore size distribution of a hole peculiar to a porous body must 
be controlled first. Since a deficit part which stress concentrates [ the one where an aperture is 
small and more uniform ] to external force decreases, the mechanical strength of the porous 
body is high. The silica gel skeletal structure in a porous body must still also be stronger enough. 
The manifestation of the mechanical strength which can be enough satisfied only after the 
control condition on such structures is fulfilled by coincidence is attained. 
[0007] When adjusting the coating liquid which consists of a silica sol by the ZORUGERU 
reaction to a U.S. Pat. No. 5807607 specification and a U.S. Pat. No. 5900879 specification, the 
approach of the aperture and pore size distribution of a porous body pass subsequent gelation 
and solvent removal being controlled, and raising the mechanical strength of a porous body is 
indicated by making specific solvents, such as glycerol, contain in the solution. However, by this 
approach, since the low-boiling point solvent is comparatively used as a solvent, removal of a 
solvent in case a hole is formed takes place rapidly, a part for the wall which surround a hole to 
the capillary tube force generated there will not be able to be followed in footsteps, but, as a 
result, contraction of a hole will take place. Therefore, if a hole is crushed, or a micro crack 
occurs around a hole and external stress is applied here, in order that the part may work as a 
concentrating point of stress, mechanical strength sufficient in the porous body is not 
discovered after all. 

[0008] Moreover, since the synthetic ambient atmosphere in the process which shifts to gel from 
a sol is not fully controlled, a gelation reaction is not enough, and since silica gel frame 
reinforcement will not be enough, or a gelation reaction will occur rapidly conversely and much 
distortion structure will be formed into the gel structure, the mechanical strength which each 
can satisfy enough is not discovered. Although it is possible, making the removal rate of a 
solvent extremely late takes great time amount to obtain a porous body in that case, and it is 
not realistic. Although the attempt which strengthens a silica frame by aging processing is also 
made, since the requirement on the structure in a sol gel phase is not satisfied, the 
effectiveness of aging is already inadequate. 

[0009] Moreover, the example which tried the improvement of properties, such as the adhesion 
of an insulating thin film and a mechanical strength, is indicated by JP,9-315812,A using the 
coating liquid which consists of a silica particle, specific alkoxysilane, and its hydrolyzate. Also in 
this case, since the low-boiling point solvent is used for the solvent, contraction of a hole tends 
to take place at the time of desiccation, and the porous body which discovers high intensity is 
hard to be obtained. There is an attempt which is going to improve the degree of hardness of the 
silica film and adhesion in JP,9-169845,A by using organic trialkoxysilane as a raw material and 
controlling the moisture content and reaction temperature in a solation reaction. However, the 
silica film obtained according to this manufacturing method needs to fill a factor called the frame 
reinforcement of an aperture or not only pore size distribution but a silica which is a structural 
factor peculiar to a porous material not porosity but in order to raise the mechanical strength of 
a porous silica, as mentioned above to coincidence, and the purpose achievement is difficult 
from this point. 

[0010] In JP,04-285081,A, silica gel / organic polymer complex is once manufactured for the 
ZORUGERU reaction of alkoxysilane using a specific organic polymer, an organic polymer is 
removed after that to it, and the method of obtaining the porous silica which has a uniform 
aperture is indicated. The approach of obtaining a porous body with homogeneity pore and good 
pore size distribution is indicated from alkoxysilane / organic polymer mixed stock by JP,5- 
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85762.A and WO 99/03926 (international public presentation pamphlet). However, the mechanical 
strength of the level it can be satisfied with these techniques of level too since there is no 
concept of strengthening of a silica frame which was mentioned above is in the situation which is 
not acquired. 

[0011] Furthermore, an organic macromolecule particle is distributed in the oligomer of the metal 
alkoxide containing alkoxysilane, baking removal of the organic macromolecule particle is carried 
out after generating gel, and the method of obtaining the porous body which controlled the pore 
system is indicated by JP,10~25359,A and JP,7-88239,B. However, since it originates in own 
molecular weight of a macromolecule chain having distribution and distribution also produces the 
organic particle obtained in the size unescapable, it is difficult to obtain the porous body which 
has the pore size controlled theoretically. Moreover, the thing of the magnitude exceeding wiring 
spacing which carried out point ** is also in a particle, the dielectric constant in the part 
becomes remarkably large compared with other parts, and an insulating property for which it 
asks is not acquired. Although the approach of adding an organic macromolecule by the 
homogeneous system is indicated by JP,8~29952,B, since the inside of a system carries out 
phase separation at the time of gelation, only the hole of submicron order is obtained in this 
case, but the manifestation of mechanical strength too sufficient also in this case is difficult. 
[0012] Moreover, metallic oxides other than a silica are added and the attempt which is going to 
improve the mechanical strength of a porous body etc. occurs. The method of improving the 
moisture resistance and mechanical strength is indicated by the process which obtains alcogel in 
JP,7-185306,A by hydrolysis of metal alkoxides other than alkoxysilane and silicon, and a 
halogenide, subsequently carries out supercritical drying of the generation alcogel to it, and 
obtains aerogel. However, when metal alkoxides other than such a silica and a halogenide are 
used, these raw materials, and/or hydrolysis and a condensate are sol - Since it is lacking in the 
solubility under gel reaction, the inside of a system may become slurry-like, or precipitate may 
generate, and only heterogeneity gel is obtained anyway. Consequently, it is not suitable as an 
object for insulator layers by the same reason as the case where the above-mentioned organic 
polymer particle is added. Namely, it is in the situation which has come to discover the 
mechanical strength optimization of the convention factor on the above structures is not 
attained, but it can be satisfied also with all these [ which were described above ] approaches of 
a mechanical strength enough practically. 
[0013] 

[Problem(s) to be Solved by the Invention] this invention offers the silica precursor / organic 
polymer constituent, its application, and those manufacturing methods for [ which solves the 
above-mentioned problem, a dielectric constant is low has uniform pore in nano meter size, was 
markedly alike compared with the conventional porous silica, and was excellent in adhesion or a 
mechanical strength ] insulator layer manufacture. 
[0014] 

[Means for Solving the Problem] That the above-mentioned trouble should be solved, this 
invention persons use alkoxysilane as a raw material, as a result of repeating examination 
wholeheartedly. The mole ratio of alkoxysilane and water is performed for the hydrolysis reaction 
of alkoxysilane in the specific range. The mixed constituent which consists of the precursor and 
the organic polymer of the silica sol which controlled the rate of condensation in the specific 
range, and was obtained by the condensation reaction which occurs succeedingly is used. They 
are once organic / inorganic complex (hybrid object). It is low, and an aperture is small, and the 
porous silica thin film which fabricates a thin film, removes an organic polymer by heating baking 
and is obtained from this hybrid object after that has a uniform dielectric constant, it excelled 
extremely as an insulator layer ingredient which was markedly alike and was excellent in 
adhesion or a mechanical strength, and a header and this invention were completed for things. 
[0015] therefore, one purpose of this invention is to offer the mixed constituent of the silica 
precursor for insulating thin film fabrication and the organic polymer which a dielectric constant 
is low, have uniform pore in nano meter size, were markedly alike compared with the 
conventional porous silica, and were excellent in adhesion or a mechanical strength. Moreover, 
other one purpose of this invention is organic / inorganic complex (hybrid object) obtained using 
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the above-mentioned constituent. It is in a thin film, the porous silica thin films obtained from 
this hybrid thin film and those applications, and offering those manufacturing methods further. 
The above of this invention and many other purposes, many properties, and many profits become 
clear from the detailed explanation described below and the publication of a generic claim. 
[0016] According to this invention, they are a general formula and R1 n (Si) (OR2)4-n (R1 
expresses the shape of H or a straight chain of carbon numbers 1-8, the letter of branching and 
an annular alkyl group, or an aromatic series radical among a formula, and R2 expresses the 
shape of a straight chain and the letter alkyl group of branching of carbon numbers 1-6.). 
Moreover, n is the integer of 0-3. The mole ratio (R) of alkoxysilane and water is performed for 
the hydrolysis reaction of the alkoxysilane expressed in 0.5< R<10. The silica precursor obtained 
by the rate of condensation (C) making the condensation reaction which occurs succeedingly the 
range of 0.20< C<0.97, and performing it, The aliphatic series polyether chain with which a carbon 
number has the ether group content repeat unit of 1~12, The aliphatic series polyester chain 
with which a carbon number has the ester group content repeat unit of 1-12, A carbon number 
the carbonate radical content repeat unit of 1-12 The principal chain which mainly consists of at 
least one kind of aliphatic series polymer chains chosen from the group which the aliphatic series 
polycarbonate chain and carbon number which it has become from the aliphatic series 
polyanthus hydride chain which has the anhydride radical content repeat unit of 1-12 The silica 
precursor / organic polymer constituent for insulator layer manufacture characterized by 
containing at least one kind of organic polymer which it has are offered. 

[0017] Next, in order to make an understanding of this invention easy, the basic features of this 
invention are enumerated first. 

1. General formula, R1 n (Si) (OR2)4-n (R1 expresses shape of H or straight chain of carbon 
numbers 1-8, letter of branching and annular alkyl group, or aromatic series radical among 
formula, and R2 expresses shape of straight chain and letter alkyl group of branching of carbon 
numbers 1-6.) Moreover, n is the integer of 0-3. In the hydrolysis reaction of the alkoxysilane 
expressed The range of the mole ratio (R) of alkoxysilane and water is 0.5< R<10, and it sets to a 
condensation reaction succeedingly. The silica precursor the range of whose rate of 
condensation (C) is 0.20< (X0.97, The aliphatic series polyether chain with which a carbon 
number has the ether group content repeat unit of 1-12, The aliphatic series polyester chain 
with which a carbon number has the ester group content repeat unit of 1-12, A carbon number 
the carbonate radical content repeat unit of 1-12 The principal chain which mainly consists of at 
least one kind of aliphatic series polymer chains chosen from the group which the aliphatic series 
polycarbonate chain and carbon number which it has become from the aliphatic series 
polyanthus hydride chain which has the anhydride radical content repeat unit of 1-12 The silica 
precursor / organic polymer mixing constituent for porous silica manufacture characterized by 
containing at least one kind of organic polymer which it has. 

[0018] 2. Constituent given [ said ] in 1. characterized by containing silica precursor with which 
mole ratio of alkoxysilane and water is obtained by 1< R<5. 

3. Constituent said 1. characterized by containing silica precursor whose rate of condensation 
(C) is 0.40< C<0.90, or given in 2. 

4. Said 1.-3 characterized by containing further at least one kind of acid which functions as 
catalyst for promoting hydrolysis and condensation reaction of this alkoxysilane, constituent 
given in either. 

5. Constituent given in either said 1. to which this organic polymer is characterized by being 
aliphatic series polyether in which carbon number has ether group content repeat unit of 2-12 
with number average molecular weight 200-1 million of ** - 4. 

[0019] 6. Constituent given in either said 1. to which content of organic polymer in this 
constituent is characterized by being 0.1-10 weight section to the product 1 weight section 
from which hydrolysis and condensation of the whole quantity of this alkoxysilane are carried 
out, and it is obtained - 5. 

7. Silica gel / organic polymer complex (hybrid object) thin film characterized by transparent 
thing to the light with a wavelength of 0.4-0.7 micrometers obtained by including performing 
gelation reaction at temperature of 50-250 degrees C, and carrying out solvent removal of silica 
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precursor under presentation given in either said 1. - 6. in that case. 

[0020] 8. The multilayer-interconnection structure characterized by including wiring formed two 
or more insulating layers and on it, and coming to consist of at least one layer of this insulating 
layer hybrid thin films given [ said ] in 7. 

9. Porous silica thin film obtained from hybrid object given [ said ] in 7. by removing organic 
polymer under temperature of 250-500 degrees C. 

10. The porous silica thin film given [ said ] in 9. characterized by the diameter of an average 
hole being 1-500nm. 

11. The multilayer-interconnection structure characterized by including wiring formed two or 
more insulating layers and on it and coming to consist of at least one layer of this insulating 
layer porous silica thin films said 9. or given in 10. 

12. The semiconductor device which comes to include the multilayer-interconnection structure 
of said 1 1. 

[0021] 13. The manufacturing method of the porous silica thin film for insulating thin films which 
it faces manufacturing the porous silica which has a hole in the solid-state structure of the silica 
gel which is made to carry out the sol-gel reaction of the alkoxysilane, and is obtained, and is 
manufactured via each following process. 

(1) A general formula, R1 n (Si) (OR2)4~n (R1 expresses the shape of H or a straight chain of 
carbon numbers 1-8, the letter of branching and an annular alkyl group, or an aromatic series 
radical among a formula, and R2 expresses the shape of a straight chain and the letter alkyl 
group of branching of carbon numbers 1-6.) Moreover, n is the integer of 0-3. Process which the 
mole ratio (R) of alkoxysilane and water controls the hydrolysis reaction of the alkoxysilane 
expressed to 0.5< R<10, performs it, carries out in the condensation reaction which occurs 
succeedingly by the rate of condensation (C) controlling to 0.20< CX0.97, and manufactures a 
silica precursor. 

(2) The process which performs a gelation reaction for this silica precursor at the temperature of 
50-250 degrees C under existence of an organic polymer, and manufactures transparent silica 
gel / organic polymer complex (hybrid object) thin film. 

(3) The process which manufactures a porous silica thin film from a hybrid object thin film by 
removing an organic polymer under the temperature of 250-500 degrees C. 

[0022] 14. The manufacturing method of the porous silica thin film given [ said ] in 13. with which 
the mole ratio of alkoxysilane and water controls the hydrolysis reaction of alkoxysilane to 1< 
R<5, and performs it. 

15. Aliphatic Series Polyether Chain with which Carbon Number Has [ Organic Polymer ] Ether 
Group Content Repeat Unit of 1-12, The aliphatic series polyester chain with which a carbon 
number has the ester group content repeat unit of 1-12, A carbon number the carbonate radical 
content repeat unit of 1-12 The principal chain which mainly consists of at least one kind of 
aliphatic series polymer chains chosen from the group which the aliphatic series polycarbonate 
chain and carbon number which it has become from the aliphatic series polyanthus hydride chain 
which has the anhydride radical content repeat unit of 1-12 The manufacturing method of a 
porous silica thin film given in said 13. or 14. which is at least one kind of organic polymer which 
it has. 

[0023] 16. The manufacturing method of a porous silica thin film given in either said 13. whose 
organic polymer is the aliphatic series polyether in which the carbon number of number average 
molecular weight 200-1 million has the ether group content repeat unit of 2-12 - 15. 
17. The manufacturing method of a porous silica thin film given in either said 13. whose diameter 
of an average hole is 1-500nm - 16. 

In addition, what is expressed in the following general formula which has a hydrocarbon and a 
hydrogen atom on [ other than a silicon oxide (Si02) ] silicon as a silica is included. 
R1 x Hy SiO (2- (x+y)/2) (the inside of a formula, and R1 — the shape of a straight chain, the 
letter of branching and annular alkyl group, or aromatic series radical of carbon numbers 1-8 — 
expressing — 0<=x<=2 and y — 0 or 1 — it comes out.) [0024] Hereafter, this invention is 
further explained to a detail. As a concrete example of the alkoxysilane which can be used in this 
invention A tetramethoxy silane, a tetra-ethoxy silane, a tetrapod (n-propoxy) silane, A tetrapod 
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(i-propoxy) silane, a tetrapod (n-butoxy) silane, A tetrapod (t-butoxy) silane, trimethoxysilane, 
triethoxysilane, Methyl trimetoxysilane, methyl triethoxysilane, phenyltrimethoxysilane, 
Phenyltriethoxysilane, dimethyldimethoxysilane, dimethyl diethoxysilane, Diphenyldimethoxysilane, 
diphenyl diethoxysilane, trimethylmethoxysilane, Trimethylethoxysilane, triphenylmethoxysilane, a 
triphenyl ethoxy silane, Phenyldimethylmethoxysilane, phenyldimethylethoxysilane, 
Diphenylmethoxysilane, a diphenyl methylethoxy silane, Screw (trimethoxysilyl) methane, screw 
(triethoxy silyl) methane, 1, 2-screw (trimethoxysilyl) ethane, 1, 2-screw (triethoxy silyl) ethane, 
1, 4-screw (trimethoxysilyl) benzene, 1, and 4-screw (triethoxy silyl) benzene etc. is mentioned. 
[0025] A tetramethoxy silane, a tetra-ethoxy silane, trimethoxysilane, triethoxysilane, methyl 
trimetoxysilane, methyl triethoxysilane, dimethyldimethoxysilane, dimethyl diethoxysilane, 
trimethylmethoxysilane, and trimethylethoxysilane are especially desirable also in these. It is 
good also considering the partial hydrolysate of these alkoxysilane as a raw material. These may 
be used independently, and even if they mix two or more sorts, they do not interfere. 
Furthermore, in order to reform the hybrid object thin film and the porous silica thin film which 
are obtained, it is also possible to mix the alkoxysilane which has 2-3 hydrogen, an alkyl group, or 
an aryl group on a silicon atom to the above-mentioned alkoxysilane. It is made for the amount 
to mix to become less than [ 80 mol % ] among the total numbers of mols of the alkoxysilane of a 
raw material. The amount to mix may not be gelled if 80-mol % is exceeded. 
[0026] At the hydrolysis reaction of alkoxysilane which is the first process of obtaining the 
constituent of this invention, the range of the mole ratio (R) of alkoxysilane and the water which 
hydrolyzes this must be 0.5< R<10. the condensation reaction which the probability for all the 
alkoxide radicals in alkoxysilane to be hydrolyzed by making both mole ratio into this range, and 
hydrolyzing alkoxysilane decreases, and occurs succeedingly — a line with little structure of 
cross linkage of high density — the silica sol in which many structures are included is obtained. 
The mechanical strength of the porous last silica gel improves remarkably by adjusting the sol 
which had such structure in the surprising thing. The range of the range of still more desirable R 
is 1< R<5 on a manifestation on the strength. Although not necessarily completely solved about 
this reason, by introducing moderate linear structure into a silica sol, this structure functions as 
an elastic component, and when toughness improves by that cause, it is presumed that the 
mechanical strength of a porous silica improved as a result. 

[0027] The rate of hydrolysis is too low in the mole ratio of alkoxysilane and water being 0.5 or 
less, and it becomes difficult to obtain a silica sol with the above structures, and if conversely 
larger than 10, the structure of cross linkage will increase too much, the mechanical strength of 
a final product will not be discovered by the above-mentioned reason, and precipitate generates 
and is not still more desirable. Addition of water is not cared about, even if it is the range of 
above-mentioned R and adds gradually, while the condensation reaction of the alkoxysilane 
which is hydrolysis and the next reaction even if it adds the specified quantity to hydrolysis 
reaction time is going on. Although it is common to add as alcohol with a liquid or a water 
solution as for the addition of water to alkoxysilane, you may add in the form of a steam, in order 
to make it equalize [ on which sufficient time amount for addition of water is spent since 
hydrolysis and condensation are too quick and may produce precipitate depending on the class 
of alkoxysilane if water is added rapidly ], the technique of adding at the low temperature which 
makes solvents, such as alcohol, live together is independent — or it combines and uses. 
[0028] In the process which obtains a silica precursor (sol) by the condensation reaction of 
alkoxysilane, it reacts by controlling the rate of condensation (C) to 0.20< (X0.97. If the 
molecular weight of a silica chain becomes large and that the rate of condensation (C) becomes 
large assumes, the occupied volume, for example, the globular form silica sol, within the system 
of reaction of a silica sol, it means that the size becomes large. It is indispensable to control the 
magnitude of a silica sol by this process. 

[0029] However, the value of C is computable from the following formulas based on the Si-NMR 

measurement result of for example, a silica sol solution. 

C= (number of Si-O-Si joint hands per Si atom piece)/4 (valence of =Si) 

For example, in the case of hydrolysis and the condensation reaction of a tetra-ethoxy silane, by 
the condensation reaction, supposing one of four combinable radicals of the tetra-ethoxy silane 
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of a piece converts into Si-O-Si association, it will become with C= 1 / 4= 0.25. Moreover, the 
rate of condensation when a multicomponent condensation product [ like d pieces ] whose thing 
which c things [ four more ] which b things [ three ] which a things [ two ] which the 
condensation reaction of a tetra-ethoxy silane advanced and were condensed one condensed 
condensed condensed is is intermingled is C=(1xa+2xb+3xc+4xd) /4x (a+b+c+d). 
It becomes. Moreover, the upper limits of the rate of condensation at the time of using the 
alkoxysilane of three functionality like methyl trimetoxysilane from the definition of this formula 
are 3/4= 0.75. In order to raise the mechanical strength of a porous body, as point ** was 
carried out, the frame reinforcement of silica gel also fully needs to be strengthened. 
[0030] Reference, Sol-Gel According to Science (C. J.Brinker & G.W.Scherer work, Academic 
Press, 1990 issue), it is teaching that the frame reinforcement of silica gel is greatly influenced 
by the so-called area of the neck section and the concentration of the neck section which have 
combined the sols which are the configuration units of gel. The neck section becomes that it is 
easy to be destroyed easily, when the external force is applied to these sols so that the area 
(phase confrontation product of the neck section) of the joint neck section to the surface area 
of each sol is small, when the structure is imperfect, and the drag force to external stress is low, 
for example, association of two spherical sols of the same size is considered compared with the 
internal structure part of a silica sol. Conversely, in the case of a small sol, the phase 
confrontation product of the neck section becomes large, and becomes that it is hard to be 
destroyed. However, since the parts which external force concentrates increase in number by 
one side as the number of the neck section increases, a mechanical strength shows the falling 
inclination. Therefore, in order to raise a mechanical strength, the moderate balance of the phase 
confrontation product of these two opposite factors, i.e., the neck section, and concentration 
becomes important. 

[0031] The above-mentioned balance can be attained by controlling the value of C by this 
reaction process in the range of 0.20< (X0.97. It is the range of 0.40< CX0.90 more preferably. A 
silica sol becomes it huge that it is C> 0.97 too much rapidly, the phase confrontation product of 
the neck section between sols becomes small, and the mechanical strength of a porous body 
falls remarkably, and precipitate generates and is not desirable. Conversely, since the sol the 
silica chain fully grew up it to be that it was C< 0.2 is not formed, shortly, neck point 
concentration is too large and the mechanical strength of a porous body thin film becomes low 
also in this case. An important thing is the point that the magnitude of a silica sol is controllable 
by controlling the rate of condensation (C) in the above-mentioned range to homogeneity, at this 
one more reaction process. If the sols of uniform size are connected one by one and they gel, 
the clearance between sols also becomes homogeneity, and also when it becomes the porous 
silica thin film which is a final product, a big hole does not exist. This does not mean on structure 
that the defect which stress concentrates does not exist, and the mechanical strength of a 
porous body thin film is not spoiled. 

[0032] If the relation of the indispensable condition and mechanical strength in hydrolysis and 
the condensation reaction of the above alkoxysilane is summarized By adjusting the mole ratio of 
alkoxysilane and water, performing a hydrolysis reaction and a condensation reaction, and 
controlling the concentration of the elastic manifestation component in a silica sol, and the 
magnitude of a sol in the specific range Since elastic manifestation ability arises in the silica gel 
generated by the silica geHzed reaction which is the following synthetic process and the phase 
confrontation product and concentration of the neck section between the sol-sols which are the 
configuration units of gel balance Also in the porous body thin film which is a final product, the 
adhesion and mechanical strength can be raised remarkably. 

[0033] The matter which functions as a catalyst for promoting hydrolysis of alkoxysilane and a 
dehydration condensation reaction in this invention may be added. As an example of the matter 
which may function as a catalyst, acids, such as a hydrochloric acid, a nitric acid, a sulfuric acid, 
formic acid, an acetic acid, oxalic acid, and a maleic acid, are desirable. Ten - one mol or less 
one mol or less is preferably suitable for the addition of these catalysts to one mol of 
alkoxysilane. If [ than one mol ] more, precipitate generates, and a uniform porous body may not 
be obtained. 
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[0034] next, as an organic polymer contained in the constituent in this invention The aliphatic 
series system polymer which tends to be removed by heating baking which compatibility with 
silica gel is good, and mentions later is suitable. Specifically The aliphatic series polyether chain 
with which a carbon number has the ether group content repeat unit of 2-12, The aliphatic 
series polyester chain with which a carbon number has the ester group content repeat unit of 2- 
12, The organic polymer which has the aliphatic series polycarbonate chain with which a carbon 
number has the polycarbonate radical content repeat unit of 2-12, and the principal chain with 
which a carbon number is chosen from the group which consists of an aliphatic series polyanthus 
hydride chain which has the anhydride radical content repeat unit of 2-12 is used. 
[0035] The above-mentioned organic polymer may be independent, or may be mixing of two or 
more polymers. Moreover, the principal chain of an organic polymer may contain the polymer 
chain which has the repeat unit of arbitration other than the above in the range which does not 
spoil the effectiveness of this invention. As an example of the aliphatic series polyether which 
has the ether group content repeat unit of 2-12, a carbon number can raise alkylene glycol, such 
as a polyethylene glycol, a polypropylene glycol, poly trimethylene glucohol, a polytetramethylene 
glycol, the poly pentamethylene glycol, a polyhexamethylene glycol, the poly dioxolane, and poly 
dioxepane. 

[0036] As an example of the aliphatic series polyester which has the ester group content repeat 
unit of 2-12, a carbon number can raise the polycondensation object of dicarboxylic acid and 
alkylene glycol, such as polycondensation objects of hydroxycarboxylic acid, such as poly 
glycolide, the poly caprolactone, and poly PIBARO lactone, the ring-opening-polymerization 
object of lactone and a polyethylene OKISA rate, polyethylene succinate, a polyethylene horse 
mackerel peat, polyethylene sebacate, a polypropylene horse mackerel peat, and a polyoxy 
diethylene horse mackerel peat, and the ring breakage copolymerization object of epoxide and an 
acid anhydride. 

[0037] As an example of the aliphatic series polycarbonate which has the carbonate radical 
content repeat unit of 2-12, a carbon number can mention polycarbonates, such as polyethylene 
carbonate, polypropylene carbonate, poly pentamethylene carbonate, and polyhexamethylene 
carbonate. As an example of the aliphatic series polyanthus hydride which has the anhydride 
radical content repeat unit of 2-12, a carbon number can raise the polycondensation object of 
dicarboxylic acid, such as poly malonyl oxide, poly horse mackerel POIRU oxide, PORIPIME roil 
oxide, PORISUBE roil oxide, poly azelaoyl oxide, and PORISEBA coil oxide. Also in these, it is 
desirable to use a polyethylene glycol, a polypropylene glycol, poly caprolactone triol, 
polyethylene carbonate, poly pentamethylene carbonate, polyhexamethylene carbonate, poly 
horse mackerel POIRU oxide, poly azelaoyl oxide, and PORISEBA coil oxide. 
[0038] In addition, alkylene glycol points out the dihydric alcohol which permutes two hydrogen 
atoms which have not been combined on the with a carbon numbers of two or more same carbon 
atom of an alkane by the hydroxyl group, respectively, and is obtained. Moreover, dicarboxylic 
acid points out the organic acid which has two carboxyl groups, such as oxalic acid, a malonic 
acid, a succinic acid, a glutaric acid, an adipic acid, a pimelic acid, a suberic acid, an azelaic acid, 
and a sebacic acid. If the aliphatic series polymers and aromatic series polymers other than the 
above are used as an organic polymer, problems, like the burning temperature for the 
homogeneity of organic / inorganic complex to generate being spoiled, and this having a bad 
influence also on the structure of a porous silica, and reinforcement falling and obtaining a 
porous body from complex becomes high generate and are not desirable. However, it is the range 
of extent which does not spoil the effectiveness of this invention, for example, even if it adds the 
polymer of other arbitration for the purpose, such as viscosity control and a spreading property 
improvement, it does not interfere. 

[0039] the addition of the organic polymer in this invention — the alkoxysilane 1 weight section 
— receiving — 10^2 - the 100 weight sections — desirable — 10-1 - 10 weight sections — 
they are 10-1 - 5 weight sections still more preferably. If there are few additions of an organic 
polymer than the 10-2 weight section, a porous body will not be obtained, and even if [ than the 
100 weight sections ] more, the porous silica which has sufficient mechanical strength is not 
obtained, but it is lacking in practicality. As for the molecular weight of an organic polymer, it is 
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desirable that it is 1 million from 100 in a number average. What should be observed here is that 
the magnitude of the hole of a porous silica is homogeneity very small [ without being seldom 
dependent on the molecular weight of an organic polymer ]. This is very important in order to 
discover high mechanical strength, if the effectiveness of this invention is not spoiled, even if an 
organic polymer will carry out specified quantity addition at the hydrolysis reaction time of 
alkoxysilane — under advance of hydrolysis and the next condensation reaction — the whole 
quantity — or even if it adds gradually, it does not interfere. 

[0040] In manufacture of the porous silica thin film which went via organic / inorganic complex 
like this invention, although existence of a solvent is not necessarily indispensable, since it is 
generally hard to dissolve alkoxysilane and an organic polymer, the solvent which dissolves these 
both in that case can be used. It is possible to use without limiting, especially if both alkoxysilane 
and an organic polymer are dissolved as a solvent. As an example of the solvent used, the 
monohydric alcohol of carbon numbers 1-4, the dihydric alcohol of carbon numbers 1-4, Those 
ether, such as a glycerol, and an esterification object, for example, a diethylene glycol, Ethylene 
glycol monomethyl ether, ethylene glycol wood ether, 2-ethoxyethanol, propylene glycol 
. monomethyl ether, Propylene glycol methyl ether acetate or a formamide, N-methyl formamide, 
N-ethyl formamide, N.N-dimethylformamide, N and N~diethyl formamide, N-methyl acetamide, N- 
ethyl acetamide, N,N-dimethylacetamide, N, and N-diethyl acetamide, N-methyl pyrrolidone, N- 
formyl morpholine, N-acetyl morpholine, N-formyl piperidine, Urea, such as amides [, such as - 
diacetyl piperazine ], tetramethyl urea, and N'N, N'-dimethyl imidazolidinone, is mentioned. [ an 
N-acetyl piperidine N-formyl pyrrolidine, N-acetyl pyrrolidine, N, and N'-diformyl piperazine, N, 
and ] You may use as these independence or mixture. In addition, if it is a request, the stabilizer 
for the adhesion improver for raising adhesion with the photocatalyst generating agent for 
photosensitive grant and a substrate, for example and a mothball etc. can be added to the 
constituent of this invention in the range which does not spoil the meaning of this invention for 
the additive of arbitration. 

[0041] In this invention, formation of a thin film is performed by applying the constituent of this 
invention on a substrate. A spin coat is suitable to use for manufacture of the insulating layer for 
the multilayer-interconnection structures of a semiconductor device although it can carry out by 
the approach of common knowledge, such as flow casting, immersion, and a spin coat, as the film 
formation approach. The thickness of a thin film is controlled in 0.1 micrometers - 100 
micrometers by changing the viscosity and rotational speed of a constituent. If thicker than 100 
micrometers, a crack may occur. As an insulating layer for the multilayer-interconnection 
structures of a semiconductor device, it usually uses in 0.5 micrometers - 5 micrometers. 
[0042] It is also possible to use, after things were also made using compound semiconductor 
substrates, such as semi-conductor substrates, such as silicon and germanium, a gallium 
arsenide, and indium antimonide, etc. as a substrate and forming the thin film of other matter in 
these front faces. As a thin film in this case, the thin film which consists of inorganic compound, 
such as a silicon dioxide, fluorination glass phosphorus glass, boron-phosphorus glass 
borosilicate glass, polycrystalline silicon an alumina, a titania a zirconia silicon nitride, titanium 
nitride, tantalum nitride, boron nitride, and hydrogenation silsesquioxane,, methyl silsesquioxane, 
amorphous carbon, and fluorination amorphous carbon, polyimide, and other organic polymers of 
arbitration is used besides metals, such as aluminum, titanium, chromium, nickel, copper, silver, a 
tantalum, a tungsten, an osmium, platinum, and gold. 

[0043] In advance of formation of a thin film, the front face of the above-mentioned substrate 
may be beforehand processed by the adhesion improver. A thing, an aluminum chelate compound, 
etc. which are used as the so-called silane coupling agent as an adhesion improver in this case 
can be used. As what is used especially suitably, 3-aminopropyl trimethoxysilane, 3-aminopropyl 
triethoxysilane, N-(2-aminoethyl)-3-aminopropyl trimethoxysilane, N-(2-aminoethyl)-3- 
aminopropyl methyl dimethoxysilane, Vinyl trichlorosilane, vinyltriethoxysilane, 3- 
chloropropyltrimetoxysilane, 3-chloropropyl methyl dichlorosilane, 3- 
chloropropylmethyldimetoxysilane, 3-chloropropyl methyldiethoxysilane, 3-mercapto 
propyltrimethoxysilane, 3-glycidoxypropyltrimetoxysilane, 3-glycidoxypropylmethyldimetoxysilane, 
3-methacryloxy propyl trimethoxysilane, 3-methacryloxy propyl methyl dimethoxysilane, 
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Hexamethyldisilazane, ethyl acetoacetate aluminum JIISOPUROPIRETO, Aluminum tris (ethyl 
acetoacetate), aluminum screw (ethyl acetoacetate) monoacetyl acetonate, aluminum tris 
(acetylacetonate), etc. are mentioned. If in charge of applying these adhesion improvers, if 
needed, other additives may be added, or you may dilute and use with a solvent. Processing by 
the adhesion improver is performed by the well-known approach. 

[0044] They are silica gel / organic polymer complex ( hybrid object) by fabricating the 
constituent obtained as mentioned above by making a thin film form and making the silica 
precursor in the obtained thin film (sol) gel. A thin film can be obtained. It is necessary to carry 
out at 50-250 degree C of gelation anti-** of the precursor of a silica sol, and is 60-200 degrees 
C preferably. By gelling in this temperature requirement, gelation fully advances and neck section 
bonding strength becomes high. Since gelation does not fully progress that it is 60 degrees C or 
less, contraction takes place, neck section reinforcement is inadequate and the mechanical 
strength of a porous body thin film is not discovered as a result. Moreover, an organic polymer 
may permeate and **** may happen. Moreover, a unnecessary void may generate on a hybrid 
object that it is 250 degrees C or more, and it is not desirable. 

[0045] The blocky structure of magnitude on which the hybrid object thin films obtained as 
mentioned above are scattered to the light with a wavelength of 0.4-0.7 micrometers does not 
exist, but since it is homogeneous, the hybrid object is transparent. Thus, compared with the 
silicon oxide thin film obtained only using alkoxysilane, the obtained hybrid object thin film has 
low specific inductive capacity, has a thick-film plasticity, and it it not only excels in adhesion or 
a mechanical strength, but can be used as an insulating part of wiring as [ this ], and it is also 
possible to use it as applications other than a thin film, for example, the optical film and a 
structural material, a film, a coating material, etc. However, it is desirable to change into a porous 
silica thin film for the purpose of obtaining an ingredient with a still lower dielectric constant as 
an insulating material of the LSI multilayer interconnection obtained by this invention. 
[0046] The porous silica thin film in this invention processes a hybrid object thin film with 250- 
500-degree C heat, and when only an organic spacer carries out baking removal, it is obtained. 
Although a still more suitable temperature requirement is based on the class of organic polymer, 
it is 300-450 degrees C. If lower than 250 degrees C, baking of an organic spacer is inadequate, 
and in order that the impurity of a hydrocarbon system may remain, there is risk of a porous 
silica thin film with a low dielectric constant not being obtained. Conversely, although it is 
desirable on a manifestation on the strength to process at temperature higher than 500 degrees 
C, it is impossible to use this temperature by the production process of LSI. As for firing time, it 
is desirable to carry out in 1 minute - 24 hours. Since decomposition of a polymer will not 
advance enough if fewer than 1 minute, the organic substance remains as an impurity in the 
porous silica thin film obtained, and a property gets worse. Moreover, since a pyrolysis is usually 
ended within 24 hours, baking of long duration seldom makes semantics more than this. 
[0047] It is also possible to perform baking under the inert atmosphere of nitrogen, an argon, 
helium, etc., and to carry out under the oxidizing atmosphere of being as making the inside of air 
or oxygen gas mixing ****. It is in the inclination which burning temperature and time amount 
generally reduce by using an oxidizing atmosphere. Moreover, if ammonia, hydrogen, etc. exist in 
an ambient atmosphere, the silanol group which remains in a silica reacts to coincidence, it can 
be hydrogenated or nitrided, the hygroscopicity of a porosity silica thin film can be reduced, and 
the rise of a dielectric constant can also be controlled. 

[0048] The porous silica thin film obtained by the above approach has a very low dielectric 
constant, and an aperture is small, and it is uniform, and since silica gel skeletal structure is 
moreover also fully strengthened, the adhesion and the mechanical strength of a silica thin film 
are very high. As an example, the porous silica thin film with which an average aperture does not 
exist at 63% and a hole 10nm or more does not exist [ a void content ] by 4nm is obtained, and, 
as for the specific inductive capacity of the thin film in this case, that in which H=1.0GPa, 
adhesion, and tensile strength are 80 or more (beyond a measurement limitation) MPas, and no 
problem is practically was obtained, as for 2.0 and a degree of hardness (H). Moreover, since a 
gelation reaction is fully performed according to the approach of this invention and the 
unreacted silanol group in the silica gel used as the cause of raising a dielectric constant (the 
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OH radical in a silanol group acts as a water absorption radical, and raises a dielectric constant) 
decreases extremely, compared with the porous silica thin film obtained with the conventional 
sol-gel method, it excels in the stability of a dielectric constant with the passage of time 
remarkably. 

[0049] the temperature field of 250-500 degrees C to one of the reasons a porous body with a 
uniform aperture is obtained — the baking catabolic rate of an organic spacer — comparatively 
— ** — coming out — it is — the hybrid of a decomposition product — a diffusion rate in the 
living body is also slow, therefore since the rapid capillary force between the walls of a hole like 
[ when using a low-molecular solvent ] does not occur, it is mentioned that contraction or 
destruction of a hole cannot break out easily. One description that I accept it by this production 
process is the point that a kind of aging effectiveness is given to the silica gel obtained at the 
last process by heating, the skeletal structure of silica gel including a neck point is strengthened 
further (referred to as sintering), and the adhesion and the mechanical strength of a porous body 
thin film go up. 

[0050] If the obtained porous silica thin film is processed with a sililation reagent, absorptivity 
can be suppressed, and stabilization of a dielectric constant can be attained further, and an 
adhesive property with other matter can be raised. As an example of the sililation reagent which 
can be used Trimethylmethoxysilane, trimethylethoxysilane, dimethyldimethoxysilane, Dimethyl 
diethoxysilane, methyl trimetoxysilane, methyl triethoxysilane, A dimethylethoxy silane, 
methyldiethoxysilane, dimethyl vinyl methoxysilane, A dimethyl vinyl ethoxy silane, 
diphenyldimethoxysilane, diphenyl diethoxysilane, Alkoxysilane, such as phenyltrimethoxysilane 
and phenyltriethoxysilane Trimethylchlorosilane, dimethyldichlorosilane, methyltrichlorosilane, 
Methyl dichlorosilane, dimethyl chlorosilicane, dimethyl vinyl chlorosilicane, Methylvinyl 
dichlorosilane, a methyl chloro disilane, triphenyl chlorosilicane, Chlorosilicanes, such as methyl 
diphenyl chlorosilicane and diphenyl dichlorosilane Silazanes, such as hexamethyldisilazane, N, 
and N'-screw (trimethylsilyl) urea, N-trimethylsilyl acetamide, dimethyl trimethyl silylamine, 
diethyl triethyl silylamine, and a trimethylsilyl imidazole, are mentioned. The approach of silanizing 
is performed by approaches, such as spreading, immersion, and steamy exposure. 
[0051] As mentioned above, the porous silica thin film obtained using the constituent of this 
invention The structure has a very low dielectric constant first, and the aperture which is a 
factor important when discovering a high mechanical strength is small, and uniform, The phase 
confrontation product and concentration of the neck section are optimized, and according to 
moreover, the reinforcement effectiveness of the silica frame by aging processing further as a 
result, conventionally, the adhesion and the mechanical strength of a silica porous body thin film 
are boiled markedly, improve compared with elegance, and are the optimal as an object for the 
insulator layers of the substrate for LSI multilayer interconnections, or a semiconductor device. 
The porous silica thin film obtained by this invention can also be used at the porous silica object 
of the shape of bulk other than a thin film, for example, the optical film, and the beginning of 
catalyst support as a heat insulator, an absorbent, a column filler, a caking inhibitor, a thickener, 
a pigment, opaquer, a ceramic, a protection-from-smoke agent, an abrasive material, dentifrices, 
etc. 
[0052] 

[Embodiment of the Invention] Hereafter, although this invention is explained still more 
concretely using an example etc., the range of this invention is looked like [ these ], and is not 
limited at all. Evaluation of a hybrid object and a porous silica was performed using following 
equipment and/or a following approach. 

[0053] (1) It computed using the formula mentioned above from the surface ratio of the signal by 
(rate C) of condensation:29 Si~NMR. As an example, when a tetra-ethoxy silane is used as 
alkoxysilane, according to Si~NMR (nne) of a silica sol solution The chemical shift of Q1 which 
one place of Q0 and Si equivalent to the monomer which the tetra-ethoxy silane and ethoxy 
radical of a raw material hydrolyzed combined with the contiguity Si atom, Q2 which reacted two 
places, Q3 which reacted three places, and Q4 which reacted four places is detectable. From 
such integrated intensity, it is computable with the following formulas. 
C=(0xIQ0+1 xIQ 1 +2xIQ2+3xIQ3+4xIQ4)/{(IQ0+IQ 1 +IQ2+IQ3+IQ4) x4} 
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IQO, IQ1, IQ2, IQ3, and IQ4 express the integrated intensity of QO, Q1 f Q2 f Q3, and Q4 
respectively here. Decision of gelation: After applying the constituent of this invention on the 
silicon wafer or the glass plate and obtaining a hybrid object thin film with a thickness of 500 
micrometers, it was judged as termination of gelation with the condition of having stopped 
flowing out even if it leaned a substrate. 

[0054] (2) Transparency : apply the constituent of this invention on a glass plate, and it is 
thickness 500. After obtaining the hybrid object thin film of mum, it judged by the ability of the 
alphabetic character of 2mm angle put on the bottom of a glass hill to be deciphered. 
(3) Specific inductive capacity : aluminum was vapor-deposited through the mask made from 
SUS in the upper part of this thin film after forming porous membrane on the silicon wafer in 
which TiN was formed on the front face, the electrode with a diameter of 1.7mm was produced, 
and it asked for the specific inductive capacity (k) in 1MHz using the impedance analyzer. 
[0055] (4) mechanical-strength (degree-of-hardness, adhesion, tensile strength): — a degree of 
hardness — the Shimadzu make — using microhardness tester 201 S, it is the diamond chip of 
1 15 vertical angles, and asked from the average of the pushing depth when imposing 0.05g a pile 
of load on five places of the arbitration of data. Measurement temperature is 25 degrees C. 
Membranous adhesion and tensile strength carried out the spatter of the titanium to the film on 
a silicon wafer by 10nm thickness, pasted up the rivet with the epoxy resin on the titanium film, 
created five data, and evaluated them by the hauling testing machine as the average of five data. 
Measurement temperature is 25 degrees C. 

(5) An average aperture, pore size distribution (N2BET) : the thin film on a silicon wafer was 
shaved off and it measured using the nitrogen adsorption equation surface area measuring 
device (auto SOBU 1 made from KUANTAKUROMU). The hole presupposed as a matter of fact 
that it does not exist by V/r value at ten to three or less part. 
[0056] 

[Example 1] Dropping and reflux tubing were attached in it, having covered with 2.0 times as 
many water as this by the mole ratio, and having covered the 0.01 times as many hydrochloric 
acid as this over the tetra-ethoxy silane 125g [ which was diluted with 18.2ml ethanol ] flask into 
which it went at the room temperature by the mole ratio to ethanol 18.2ml and a tetra-ethoxy 
silane, for 1.5 hours, temperature was raised to it to 80 degrees, and it was made to react to it 
for 3 hours. The rate C of condensation called for from 29 Si~NMR was 75%. 1.7g and 
polyethylene-glycol (molecular weight 400) 1.04g containing the bridge formation object of this 
tetra-ethoxy silane of a solution were dissolved in methanol 1.0g and 0.3g of N,N- 
dimethylacetamide, and the constituent of this invention was obtained. This constituent solution 
was cast into the silicon wafer on the spin coat or the glass plate, and on 120-degree-C hot 
plate, stoving was carried out for 60 seconds, it gelled, and the hybrid object thin film with a 
thickness of 2 micrometers was obtained. This hybrid object was transparent. Then, this complex 
was heated at 450 degrees C under nitrogen for 1 hour, and the transparent porous silica thin 
film was obtained. 

[0057] Moreover, after putting the porous thin film similarly formed on the TiN film into the 
proof-pressure container and carrying out vacuum reduced pressure, actuation which introduces 
the steam of hexamethyldisilazane at a room temperature was performed, and the hole front face 
was embellished with the trimethylsilyl radical, and carried out hydrophobing. When the specific 
inductive capacity in 1MHz of a porous silica thin film is measured using this sample, that value 
is 2.0, and it is Si02. Much less than 4.5 which is a dielectric constant. The void content called 
for by nitrogen adsorption was 63%, and an average aperture is 4.0nm and it turned out that a 
hole 10nm or more does not exist as a matter of fact. 1.0GPa(s), adhesion, and tensile strength 
were 80 or more MPas (fracture took place by the interface of an epoxy joint and a rivet), and 
the hardness of the thin film furthermore obtained was what has the extremely excellent 
property as a semi-conductor interlayer insulation film. 
[0058] 

[Example 2] Except having made the mole ratio of water to a tetra-ethoxy run into 4.5 times in 
the example 1 , the bridge formation object solution (C= 80%) of a tetra-ethoxy silane was 
adjusted by the same technique, and a transparent hybrid object and the transparent porous 
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body were acquired by the same actuation as an example 1 using this. The specific inductive 
capacity of the porous film formed on the TiN film was 2.1, the average aperture of the thin film 
which applied in the shape of a silicon wafer, and was obtained is 3.8nm, and the hole 10nm or 
more did not exist. For the hardness, adhesion is 60MPa(s) by 0.8GPa(s) and the tensile strength 
test. The reinforcement was also judged above to be 60 or more MPas. The obtained porous 
silica thin film was what has a dielectric constant desirable as a semi-conductor interlayer 
insulation film ingredient, adhesion, and a mechanical strength. 
[0059] 

[The example 1 of a comparison] Except having made the mole ratio of water to a tetra-ethoxy 
run into 0.4 times in the example 1, the bridge formation object solution of a tetra-ethoxy silane 
was adjusted by the same technique, and a hybrid object and the porous body were acquired by 
the same actuation as an example 1. Phase separation structure with a diameter of several mm 
was looked at by the film, it was opaque, as for the degree of hardness, the cohesive failure of a 
thin film happened by 0.5GPa(s) and the tensile strength test, and the reinforcement was 2MPa 
(s). The heterogeneity of the film obtained on this condition and the lowness of a mechanical 
strength are unsuitable as a semi-conductor interlayer insulation film ingredient. 
[0060] 

[The example 2 of a comparison] Except having made the mole ratio of water to a tetra-ethoxy 
run into 15 times in the example 1, the bridge formation object solution of a tetra-ethoxy silane 
was adjusted by the same technique, and the opaque hybrid object was acquired by the same 
actuation as an example 1. Nebula was looked at by the porosity thin film obtained from this, and 
much unevenness was seen in the front face, a degree of hardness — 0.6GPa(s) it is. — the 
exfoliation between a thin film and a substrate took place by the tensile strength test, and the 
adhesion force was zero. The heterogeneity of the film obtained on this condition and the 
lowness of a mechanical strength are unsuitable as a semi-conductor interlayer insulation film 
ingredient. 
[0061] 

[Example 3] Tetra-ethoxy silane 1.2g and polyethylene-glycol (molecular weight 400) 1.04g were 
dissolved in methanol 1.0g, 0.3g [ of N,N~dimethylacetamide ], and propylene glycol methyl ether 
acetate 0.2g, and 0.3g of water and 0.1 5g of 0.1 -N sulfuric acids were added. The mole ratio of 
water to a tetra-ethoxy silane corresponds about 4.3 times here. Reflux tubing was attached to 
this, it heated at 60 degrees C, the spin coat of this solution was carried out to the silicon wafer 
in the phase in which the rate C of condensation of the silica stopped also by 29 Si-NMR 
reached to 70%, and the transparent hybrid object was acquired like the example 1. Then, finally 
the porosity silica thin film was obtained. The film is homogeneity transparence and, in 2.0 and an 
average aperture, the hole 10nm or more did not exist [ specific inductive capacity ] by 4.2nm. 
0.8GPa(s), adhesion, and the tensile strength of the degree of hardness were 80 or more MPas. 
The dielectric constant, the adhesion, and the mechanical strength of this film are suitable as a 
semi-conductor interlayer insulation film ingredient. 
[0062] 

[The example 3 of a comparison] The solution was adjusted by the same presentation as an 
example 3, the spin coat of this solution was carried out to the silicon wafer in the phase in 
which this was stirred at the room temperature and the rate C of condensation of a silica 
reached to 15%, and the porous body was obtained like the example 1. Although the hybrid object 
thin film and the porous silica thin film were transparent, cohesive failure reinforcement was 
8MPa(s). The lowness of the mechanical strength of the film obtained on this condition is 
unsuitable as a semi-conductor interlayer insulation film ingredient. 
[0063] 

[Example 4] In the example 1, the mole ratio of water to a tetra-ethoxy run was made into twice, 
and the porous body was acquired by the same actuation as an example 2 except having used 
the bridge formation object solution of the tetra-ethoxy run which raised the rate C of 
condensation even to 91% by distilling off and condensing the ethanol in a system. In the film, in 
specific inductive capacity, 1.9 and an average aperture did not exist by homogeneity 
transparence, and the hole 10nm or more did not exist by 3.6nm. For a degree of hardness, 
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1.2GPa(s) and the adhesion force are 50MPa(s). Above, tensile strength is 50MPa(s) and is 
******** The dielectric constant, the adhesion, and the mechanical strength of this film are 
suitable as a semi-conductor interlayer insulation film ingredient. 
[0064] 

[The example 4 of a comparison] In the example 1, the mole ratio of water to a tetra-ethoxy 
silane was made into 10 times, and the porous body was acquired by the same actuation as an 
example 1 except having used the bridge formation object solution of the tetra-ethoxy run which 
raised the rate C of condensation even to 98% by distilling off and condensing the ethanol in a 
system. The crack had occurred on the whole surface at this porous film. 

[Example 5] The porosity thin film was formed by the same technique except having made the 
polymer into the polyethylene glycol (molecular weight 20000) in the example 1. In 2.3 and an 
average aperture, the hole 10nm or more did not exist [ the specific inductive capacity of this 
thin film ] by 4.9nm. The hardness of the film is 0.8GPa(s) and adhesion is 60MPa(s). Above, 
tensile strength is 60MPa(s) and has a mechanical strength desirable as a semi-conductor 
interlayer insulation film ingredient. 
[0065] 

[Example 6] Porous membrane was formed by the same technique except having made the 
polymer into the polypropylene glycol (molecular weight 400) in the example 1. In 2.2 and an 
average aperture, the hole 10nm or more did not exist [ the specific inductive capacity of a thin 
film ] by 3.7nm. The hardness of the film is 0.7GPa(s) and adhesion is 50MPa(s). Above, cohesive 
failure reinforcement is 50MPa(s) and has a dielectric constant desirable as a semi-conductor 
interlayer insulation film ingredient, adhesion, and a mechanical strength. 
[0066] 

[The examples 5 and 6 of a comparison] when the same actuation as an example 1 is performed 
using polyvinyl ethyl ether (PVEE) and polyvinylidene fluoride (PVdF) as a polymer, even if it 
calcinates these — homogeneity — the transparent film was not able to be obtained. 
Consequently, measurement of a dielectric constant or a mechanical strength was not 
completed. 
[0067] 

[Example 7] Tetra-ethoxy silane 1.2g and polypropylene-glycol (molecular weight 400) 1.04g were 
dissolved in methanol 1.0g, 0.3g [ of N,N-dimethylacetamide ], and propylene glycol methyl ether 
acetate 0.2g, and 0.3g of water and 0.1 5g of 1~N sulfuric acids were added. The mole ratio of 
water to a tetra-ethoxy silane corresponds about 4.3 times here. The constituent of this 
invention containing the silica sol to which the rate C of condensation of the silica which a 
reaction is advanced under a room temperature and stopped also by 29 Si-NMR reached to 80% 
was obtained. Next, the spin coat of this constituent solution was carried out on the silicon 
wafer, or it cast on the glass plate, and on 200-degree-C hot plate, stoving was carried out for 
60 seconds, it gelled, and organic / inorganic hybrid object thin film with a thickness of 1.5 
micrometers were obtained. This hybrid object thin film was transparent. Then, this complex was 
heated at 440 degrees C under nitrogen for 1 hour, and the transparent porous silica thin film 
was obtained. 

[0068] Moreover, after putting the porous membrane similarly formed on the TiN film into the 
proof-pressure container and carrying out vacuum reduced pressure, actuation which introduces 
the steam of hexamethyldisilazane at a room temperature was performed, and the hole front face 
was embellished with the trimethylsilyl radical, and carried out hydrophobing. That value was 2.0 
when the specific inductive capacity in 1MHz of a porosity silica thin film was measured using 
this sample. The voidage called for by nitrogen adsorption is 63%, and, in the average aperture, 
the hole 10nm or more did not exist by 4.0nm. 0.9GPa(s), adhesion, and the tensile strength of 
the degree of hardness of the obtained porous silica thin film were 80 or more MPas. The 
dielectric constant, the adhesion, and the mechanical strength of this film are suitable as a semi- 
conductor interlayer insulation film ingredient. 
[0069] 

[Example 8] Methyl trimetoxysilane 0.7g and polyethylene-glycol (molecular weight 400) 0.52g 
were dissolved in methanol 1 .0g, 0.3g [ of N,N-dimethylacetamide ], and propylene glycol methyl 
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ether acetate 0.2g, and 0.3g of water and 0.1 5g of 0.1 -N sulfuric acids were added. After having 
made this react at a room temperature, carrying out the spin coat of this solution on the silicon 
wafer in the phase in which the rate C of condensation of the silica stopped also by 29 Si~NMR 
reached to 50% and acquiring a transparent hybrid object like an example 1 f finally the porosity 
silica thin film was obtained. The dielectric constant of the obtained porous silica thin film was 
2.1. Moreover, the void content called for by nitrogen adsorption is 55%, and an average aperture 
is 1.3nm, and the hole 6nm or more did not exist as a matter of fact. 0.7GPa(s), adhesion, and 
tensile strength of the degree of hardness were 80 or more MPas. The dielectric constant, the 
adhesion, and the mechanical strength of this film are suitable as a semi-conductor interlayer 
insulation film ingredient. 
[0070] 

[Example 9] except for using tetra-ethoxy silane 1.2g and polypropylene-glycol (molecular weight 
400) 0.54g — an example 7 — the same — carrying out — a hybrid object thin film — the 
porous silica thin film was obtained continuously. The dielectric constant of the obtained thin film 
was 2.5. Moreover, the void content called for by nitrogen adsorption is 40%, and it is 5nm of 
average apertures, and the hole 10nm or more did not exist as a matter of fact. 2GPa(s), 
adhesion, and tensile strength of the degree of hardness were 80 or more MPas. The dielectric 
constant, the adhesion, and the mechanical strength of this film are suitable as a semi- 
conductor interlayer insulation film ingredient. 
[0071] 

[Effect of the Invention] The porous silica thin film obtained like the above using the mixed 
constituent of the silica sol precursor of this invention, and an organic polymer A dielectric 
constant is fully low and there is little aging. Further the structure when discovering a high 
mechanical strength, the important phase confrontation product and the concentration of the 
neck section optimize — having — and a hole — according to the reinforcement effectiveness 
of that size is small and uniform and the silica frame according to aging processing further 
conventionally, compared with elegance, the adhesion and the mechanical strength to a material 
of a substrate were boiled markedly, and improved. 



[Translation done.] 
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